This study aims to determine whether male sex has adverse effect on mortality and morbidities in very low birth weight infants (VLBWI) <30 weeks of gestation and to ascertain this sex effect, stratified by gestational age, adjusting for perinatal risk factors. This is a population-based study from Korean Neonatal Network for VLBWI born at 23 +0 and 29 +6 weeks of gestation between January 2013 and December 2014. The primary outcome was gestation-specific sex difference in the occurrence of mortality, combined morbidities, and individual morbidity. A total of 2228 VLBWI were enrolled (males, 51.7%). Mortality was not different between sexes. The risk of bronchopulmonary dysplasia and combined morbidities was significantly higher in males ≤25 weeks of gestation (odds ratio [OR] 2.08, 95% confidence interval [CI] 1.35-3.20 and OR 2.00, CI 1.19-3.39, respectively). Males had a significantly higher incidence of periventricular leukomalacia at 23 and 29 weeks of gestation. The risk of severe retinopathy of prematurity was higher in females >25 weeks of gestation. Although both sexes have similar risk for mortality, male sex remains an independent risk for major morbidities, especially at ≤25 weeks of gestation. The risk of each outcome for males has a specific pattern with increasing gestational age.
sex studies that considered various perinatal factors including antenatal steroid use, maternal diabetes, chorioamnionitis, intrauterine growth restriction (IUGR), and multiple births in preterm infants.
The present study is a retrospective observational study based on the Korean Neonatal Network (KNN), which is a nationwide database on VLBWI across South Korea. The aim of the present study was to investigate whether male sex has disadvantage on mortality and short-term morbidities in preterm infants. Because mortality and major morbidities frequently occur at gestational age ≤29 weeks, with lower risk from 30 weeks onward [24] [25] [26] , we focused on VLBWIs born at <30 weeks of gestation. We aimed to ascertain sex effect, stratified by gestational age in this population, adjusting for perinatal risk factors that may affect neonatal outcomes. Furthermore, because previous studies have reported that preterm infants born at ≤25 weeks of gestation showed especially higher mortality and morbidities 9, 11, 25, 27, 28 , we performed a subgroup analysis according to gestational age group, from 23 to 25 weeks of gestation and from 26 to 29 weeks of gestation.
Results
Population. A total of 2228 VLBWIs (males, n = 1151, 51.7%; females, n = 1077, 41.3%) with gestational age of <30 weeks were registered to the KNN during the study period. Severe congenital anomaly was noted in 65 infants (33 males and 32 females). In male infants, there were 6 congenital heart diseases, 4 genitourinary tract defects, 2 central nervous system anomalies, 12 digestive organ anomalies, 1 pulmonary abnormality, 2 chromosomal anomalies, and 5 other anomalies. In female infants, there were 12 congenital heart diseases, 1 genitourinary tract defect, 2 central nervous system anomalies, 10 digestive organ anomalies, 1 pulmonary abnormality, 1 chromosomal anomaly, and 5 other anomalies. The number of male and female infants in the two gestational age groups and at individual gestational age is shown in Fig. 1 .
Infants' characteristics.
There was no significant sex difference in gestational age, delivery mode, outborn status, Apgar scores, length of hospital stay, and duration on ventilation. The rate of IUGR was significantly higher in female infants (P = 0.026), but in the subgroup analysis, this significance disappeared. Overall, male infants had higher birth weight (P < 0.001), height (P < 0.001), and head circumference (P = 0.001) at birth and at discharge (all Ps < 0.001). In the subgroup analysis, the 23-25 weeks of gestation group showed that male infants had higher weight and head circumference at birth (P < 0.001 and P = 0.002, respectively) and at discharge (all Ps = 0.028). In the 26-29 weeks of gestation group, male infants had higher birth weight, height, and head circumference at birth (all Ps < 0.001) and at discharge (P = 0.009, P = 0.007, and P = 0.018, respectively) ( Table 1 ).
Maternal characteristics.
The prevalence of maternal diabetes, histologic chorioamnionitis, multiple births, and the use of antenatal steroid were not different between sexes ( Table 2 ). The mothers of the female infants in the 26-29 weeks of gestation group had a higher rate of maternal hypertension (P = 0.044).
Mortality and morbidities.
Mortality was not different between male and female infants. In all enrolled infants, males had a higher prevalence of combined morbidity (P = 0.011). Males also showed a higher occurrence of BPD (P = 0.012), IVH grade ≥3 (P = 0.049), and cystic periventricular leukomalacia (PVL) (P = 0.014) ( Table 3 ). In the analysis according to individual gestational age, the odds ratio (OR) of the male versus female sex for combined morbidities was the highest at 23 weeks of gestation (OR 5.0, 95% confidence interval [CI] 1.1-55.7, P = 0.038). This OR tended to decrease and then lost significance from 26 weeks of gestation. BPD showed a similar pattern; the OR of males on BPD was significant at 24 and 25 weeks of gestation (OR 2.7, 95% CI 1.2-6.3, P = 0.020 and OR 1.9, 95% CI 1.1-3.3, P = 0.004, respectively), and this significance disappeared from 26 weeks of gestation. Males had a significantly higher incidence of PVL at 23 and 29 weeks of gestation (OR 4.0, 95% CI 1.1-15.5, P = 0.042 and OR 2.4, 95% CI 1.1-5.0, P = 0.026, respectively). In contrast, males had a lower incidence of ROP at 26 and 27 weeks of gestation (OR 0.5, 95% CI 0.3-0.9, P = 0.026 and OR 0.4, 95% CI 0.2-0.9, P = 0.022, respectively). There was no significant sex difference in IVH grade ≥3 and necrotizing enterocolitis (NEC) at any gestation age (Table 4 ).
Subgroup analysis demonstrated that male infants ≤25 weeks of gestation had a higher incidence of combined morbidities (OR 2.0, 95% CI 1.2-3.4, P = 0.009) and BPD (OR 2.1, 95% CI 1.4-3.2, P = 0.001). In the 26-29 weeks of gestation group, female infants had a higher incidence of ROP (OR 0.6, 95% CI 0.4-0.9, P = 0.004), and male infants had a higher incidence of PVL (OR 1.5, 95% CI 1.0-2.1, P = 0.028) ( Table 3 ).
Discussion
In the present study, male VLBWIs born <30 weeks of gestation had similar incidence of mortality compared with female infants but had higher prevalence of combined morbidities and higher occurrence of BPD, severe IVH, and PVL. In contrast to previous studies 15, 16, 29 , the present study performed subgroup analysis according to gestational age and could suggest that male infants have a higher risk for BPD and combined morbidities under 25 weeks of gestation. Furthermore, male infants present specific pattern of risk for each outcome with increasing gestational age.
To date, many studies have confirmed a survival advantage for female infants compared with male infants 10, 14-16, 30 . Only a few studies did not find any difference in mortality between sexes 11, 24 ; a Canadian cohort study 11 suggested that there was no significant sex difference in mortality at >24 weeks of gestation, but survival was higher in female infants born at 24 weeks of gestation. Ray and Platt 24 reported no effect of sex on mortality either for all gestations or among infants at 23-25 weeks of gestation. Our finding of no sex difference in mortality adds weight to those studies. Several possible reasons can be considered. The use of antenatal steroids and exogenous surfactant may have improved survival rate, more notably in male than in female infants. The KNN registry does not include information on stillbirth after onset of labor or delivery room death of live-born infants. This might affect our mortality results because the male disadvantage for adverse outcomes commences from early pregnancy 31 . Our data showed that female infants have significantly lower birth weight compared with male infants at the same gestational age. This finding was also observed in other studies 10, 12, 32 , and recently, a preterm growth chart for each sex has been provided 33 . Many previous studies that reported sex difference were stratified by birth weight 14, 15 , which might lead to the comparison of more mature female infants with less mature male infants, resulting in female advantage for survival. However, not all sex differences were eliminated in the present study, and female infants continue to have lower incidences of major morbidities. Previous studies have shown increased risk for BPD and IVH in male infants born preterm 10, 13, 20 . The present study analyzed sex difference, stratified by gestational age, and we found that the risk for combined morbidities and BPD was higher in male infants with ≤25 weeks of gestation compared with female infants of same gestational age; the OR of males gradually decreased with increasing gestational age and then lost significance from 26 weeks of gestation. Severe ROP has a similar pattern; however, it showed opposite OR results as of 25 weeks of gestation. These patterns suggest that 25 weeks of gestation seems to be a divided time point of male disadvantage for adverse neonatal outcomes. The subgroup analysis supported it with more detailed data -male infants in the 23-25 weeks of gestation group demonstrated a doubling of risk for combined morbidities and BPD, whereas the 26-29 weeks of gestation group showed a similar risk between sexes. For severe IVH, PVL, and NEC, male infants had generally higher risk throughout gestations compared with female infants, in terms of OR. The sex benefit of females is multifactorial and has an effect on prenatal and postnatal development 13, 19, 34 . To date, several animal studies had suggested possible pathologies for female advantage in neonatal outcomes. A different hormonal milieu in females is associated with increased organ maturation, compared with males 35 . In mice, males are known to have a higher arrest in alveolization and pulmonary angiogenesis and more inflammation compared with females 13 . Better antioxidant defense mechanism in female, including higher expression of glutathione peroxidase and superoxide dismutase 36, 37 , might contribute to female advantage in lung or brain injury in the perinatal period. A study reported that after resuscitation, the blood-brain barrier is better preserved and neuronal injury is lower in female piglets compared with male piglets 19 . These results could explain the increased incidence of BPD, IVH, or PVL in male infants of the present study but could not explain the gestation-specific sex effect on major outcomes. Until now, studies for gestation specific-sex difference are very limited 10, 12, 38 . Binet et al. 10 reported the sex effect on short-term outcomes of extremely premature infants (≤27 weeks of gestation) born in Canada and found that the prevalence of BPD for infants born between 24 and 26 weeks were higher in males. Although their study is different from ours in study population and statistics, their finding is generally consistent with the present study. Ito et al. 38 stated that male sex was a disadvantage for BPD in preterm infants at ≥26 weeks of gestation by using a 10-year database from the neonatal research network in Japan. As the medical situations and the study period were different in this database, the results seen were different from those in our study. In contrast to Binet et al. 10 and Ito et al. 38 , the present study adjusted the perinatal factors that might affect neonatal outcomes and demonstrated that male sex is an independent risk factor of major morbidities, especially in infants at ≤25 weeks of gestation. Interestingly, in contrast to previous studies 17, 39, 40 , the present study found that severe ROP occurred more often in female infants after 26 weeks of gestation, and this remains after adjusting for perinatal risk factors including IUGR, maternal hypertension, use of antenatal steroid, and so on. At present, the explanation for the better outcome of ROP in male infants at this gestational period is unclear. Insulin-like growth factor 1 (IGF-1) is critical to normal vascular development, and the duration of low IGF-1 concentrations is strongly correlated with severity of ROP 41, 42 . Additional investigations for IGF-1 and sex according to gestations are warranted. The strength of our study is that it is based on a large, geographical cohort, including approximately 70% of VLBWI in South Korea; therefore, the present study has greater relevance than a single-centered study. Although the present study was a retrospective study, data collection was done prospectively using the same strict guidelines of the KNN. However, we could not evaluate the long-term neurological outcome. Previous studies have demonstrated a correlation between short-term morbidities and long-term neurological outcomes 43, 44 .
Conclusion
Male VLBWIs born at <30 weeks of gestation have similar incidence of mortality compared with female infants, which remains after adjusting for perinatal risk factors that may affect neonatal outcomes. However, male infants showed increased risk for combined morbidity, BPD, severe IVH, and PVL. Each outcome for males has a specific risk pattern with increasing gestational age. Subgroup analysis showed that the risk for combined morbidities and BPD is higher in males ≤25 weeks of gestation. In contrast, severe ROP occurred more often in females >25 weeks of gestation. Our results showed that sex difference, stratified by gestational age, is a major factor for neonatal outcomes of preterm infants. A guideline on neonatal outcomes that includes male disadvantage, especially for BPD and combined morbidities in infants ≤25 weeks of gestation, will help clinicians' understanding and parents' education.
Methods
This is a population-based study of VLBWIs born 23 +0 and 29 +6 weeks of gestation between January 2013 and December 2014 and admitted to a neonatal intensive care unit (NICU) participating in the KNN 6 . Infants with severe congenital anomaly were excluded. The KNN is a nationwide database on VLBWI from 69 hospitals across South Korea. VLBWIs in these hospitals accounted for approximately 70% of VLBWIs in South Korea. Data were collected at each participating center and entered into a data program, and the study variables were defined according to the KNN manual. The present study was approved by the KNN data management committee. Ethics statement. The KNN registry was approved by the institutional review board (IRB) at each participating hospital, and informed consent was obtained from the parents at enrollment by the NICUs participating in the KNN. All methods were carried out in accordance with the IRB-approved protocol and in compliance with relevant guidelines and regulations.
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Primary outcome. The primary outcome was gestation-specific sex difference in the occurrence of mortality and the prevalence of combined morbidities among five outcomes and individual morbidity.
To identify gestation-specific sex outcomes, outcomes were tested at individual gestational age from 23 +0 to 29 +6 weeks of gestation. Furthermore, we divided the enrolled infants into two gestational age groups: the 23 +0 -25 +6 weeks of gestation group and the 26 +0 -29 +6 weeks of gestation group. Data collection. The infants' data were collected from the KNN database (Fig. 1) . Sex, gestational age, anthropometry measurements (including weight, height, and head circumference at birth and at discharge), delivery mode, Apgar score, outborn status, and IUGR were included. Length of hospital stay and duration on mechanical ventilation were also reviewed. Maternal data including multiple births, diabetes, hypertension, histological chorioamnionitis, and use of antenatal steroid were recorded. The following outcomes were collected for each sex: mortality during NICU hospitalization, BPD, IVH grade ≥3, PVL, ROP grade ≥3, and NEC.
Definitions. VLBWI was defined infants born <1,500 g according to the WHO 2 . BPD was defined as a requirement for supplemental oxygen at 36 weeks of postmenstrual age 45 . IVH was defined using Papile's criteria by cranial ultrasonography 46 . Because imaging was conducted using the individual policy of each hospital, the worst grade among several cranial ultrasonography results during hospitalization was adopted. PVL included only cystic PVL revealed by cranial ultrasonography or magnetic resonance imaging which was performed during hospitalization. NEC was defined according to Bell's criteria (stage 2 or higher) 47 . ROP was defined according to the international classification of ROP 48 , and the maximum stage of ROP was adopted. To investigate the prevalence of combined morbidities, the present study developed the variable 'combined morbidities' , which was defined as having one and more morbidities among the five morbidities. To develop the variable of combined morbidities, the value of each morbidity (0: no present, 1: present) was added, and the '0' value in the sum was use to designate no combined morbidities. IUGR was defined as birth weight less than the 10th percentile for the gestational age based on a sex-specific growth chart 33 .
Statistical analysis. Statistical analyses were performed using SPSS. Data are expressed as number (%) with OR and 95% CI or mean (standard deviation). Univariate analyses of categorical variables were performed by χ 2 test, and t test was used for continuous variables. Adjusted sex difference in mortality and morbidities was tested by multiple logistic regression. Multiple logistic regression was performed at individual gestational age and then for the two gestational age groups. Criteria for entry and removal were P < 0.05 and P > 0.10, respectively. The fit of models was checked with the Hosmer-Lemeshow goodness-of-fit test 49 . A P value < 0.05 with two-tailed comparisons was considered significant.
